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© Coated products. 

(st) Th» invention relates to barrier coatings to prevent 
migration of alkali metal ions from a glass surface. The 
barrier coatings are deposited by pyrolysis of a silane gas on 
the glass surface above 600'C in the presence of a gaseous 
electron donating compound, whereby oxygen from the 
glass is incorporated with silicon to form a transparent 
barrier coating up to 50 nm thick on the glass surface. The 
barrier coatings are used to prevent migration of alkali metal 
ions into overlying layers sensitive .0 alkali metal ions e.g. »n 
glass coated with electroconductive or infra red reflecting 
coatings, and in liquid crystal displays. 
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COAT ED PRODUCTS 

The invention relates to the production and 
use of glass with a surface coating which 
provides a barrier to the migration of alkali 
5 metal ions out of the glass surface, and to 
products incorporating such coated glass. 

It is known that certain surface coatings on 
glass deteriorate as a result of migration of 
alkali metal ions out of the glass surface 
10 into the coating. For example, U.K. Patent 

Specification 705 934 describes the appearance 
of haze in a transparent electro-conductive 

c oa t i-n g- -o n - s od a _1 Lm e_ s_i i_ i c_a _gi_as s 1 T h e_ ha ze _ 

may be reduced by removing alkali metal ions 
15 from the glass surface before applying the 

electroconductive coating, or by applying an 
intermediate film, for example of silica or 
titanium oxide, before the e 1 ec t r oc o n d u c t i v e 
coating is applied. The silica films are 
20 prepared either by applying a solution of 

silicon tetrachloride or tetrabromide or of 
s i 1 i c o - c h 1 o r o f o r m in a volatile non-aqueous 
solution, to the glass, and exposing to the 
atmosphere until the coating is dry and then 
25 rubbing until the coating is bright, or by 
dipping a glass sheet in a solution of a 
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par ally hydrolysed silica acid ester, for 
example ethyl ortho silicate, and drying. 

European Patent Specification EP 0 071 865 A3 
is similarly concerned with the deterioration 

5 of electroconducti ve coatings on soda lime 

silica glass as a result of alkali metal ions 
diffusing to the glass surface and interacting 
with overlying layers sensitive to alkali 
metal . It refers to white turbidity in the 

LO e 1 ec t r oc o n d u c t i v e layer, reduction in 
transparency, increase in electrical 

r e s i s t a n e e and — r e d u e t i o n — i n — p h-y s -i-c o e-h e m-i-c a-1 

durability as possible consequences of such 
diffusion. It also refers to the deterioration 

15 of liquid crystal display devices, 

electrochromic devices and amorphous si '1 icon 
photovoltaic cells as a result of the 
diffusion of alkali metal ions from a glass 
substrate. Such devices generally include 

20 electroconductive layers, for example of 
indium tin oxide, on the glass, but 
EP 0 071 865 A3 refers to effects (additional 
to any direct effect of the alkali metal ions 
on the electroconductive layer) which result 

25 from interaction of the alkali metal ions with 
layers overlying the electroconductive layer. 
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EP 0 071 865 A3 proposes to prevent the 
diffusion of alkali metal ions from a glass 
substrate by use of a barrier layer of silicon 
oxide which contains hydrogen bonded to 

5 silicon. The barrier layer may be prepared by 
vacuum vapour deposition, sputtering, ion 
plating, sol/gel methods or by CVD i.e. 
chemical vapour deposition. In the CVD methods 
described, silicon oxide layers are deposited 

10 on glass substrates under oxidising conditions 
at temperatures of from 300°C to 550°C from 
oxygen gas and monosilane gas tSiH^) in ratios 
"o f" 0~2: S i H~ 4 ~b f 1 0" : r~t o 6"0 :"1". — " " - — 

U.K. Patent Specification 2. 031 756B discloses 
15 the use of layers of metal oxide, including 
ilicon oxide, as colour damping layers to 
educe the irridescent reflection colours 
exhibited by infra red reflecting coatings of 
semiconductor metal oxides on glass. The 
20 semiconductor metal oxide may be a fluorine 

doped tin oxide, and the specification refers 
to the known effect of amorphous silicon oxide 
layers in inhibiting diffusion of alkali metal 
ions from che glass thereby avoiding haze 
formation on subsequent deposition of an 
overlying tin oxide layer. The colour damping 
layers used in accordance with U.K. Patent 
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Specification 2 031 7 5 C B preferably have a 
refractive index of 1.7 to 1.8 and are from 64 
to 80nm thick. Layers containing silicon oxide 
may be prepared by chemical vapour deposition 
on hot glass at 300° to 500°C using' silane in 
the presence of an oxidising gas. 

U.K. Patent Specification 1 507 465 describes 
a process for applying a reflective coating of 
silicon to flat glass to provide a solar 
control glass with an aesthetically pleasing 
silver reflection colour. The coating is 
applied by releasing silane gas into a hot 
zone opening towards the glass surface, and 
maintaining n on - ox i d i s i n g conditions in the 
said hot zone, so that the silane pyrolyses 
depositing the reflecting silicon coating on 
the glass surface. U.K. Patent Specification 
1 573 154 describes an improvement in the 
process of 1 507 645 for producing reflecting 
solar control glass; in the improved process, 
a gaseous electron donating compound, for 
example ethylene, is added to the silane 
containing gas and leads to an unexpected 
improvement in the resistance of the coated 
glass to attack by external alkali. The ratio 
of electron donating compound to silane is 
generally 0.1 to 2.0, and preferably 0.2 to 
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gh the specification 


does refer 


t o 


f K p n c p of 

U II C U 3 t— \J L. 


a 


ratio greater than 


2.5, for 




example 5 # 


t 


o produce an alkali 


resistant 




silicon coa 


t 


ing with very good 


abrasion 




resistance 


b 


ut without the high 


reflectivi 


ty 


to visible 


1 


ight obtained in th 


e absence o 


f 


the electron 


donating compound. 


The coatin 


gs 


are applied 




to architectural gl 


ass, and th 


e 


examples des 


cribe the applicati 


on of the 




coatings to 




6 mm soda lime sili 


ca float gl 


ass 


and to roll 


e 


d glass. Coatings obtained usi 


n g 


ethylene as 




the electron-donati 


n g compound 




were analys 


e 


d and it was found 


that, altho 


ugh 


they we re p 


r 


epared under non-ox 


i d i s i n g 




condi tions , 




they contained some 


oxygen . 




The applica 


n 


ts have found that 


thin 




transparent 




coatings produced i 


n the pr ese 


nee 


of a high p 


r 


oportion of electro 


n donating 




compound as 




described in U.K. P 


a ten t 




Specificati 


o 


n 1 573 154 contain 


oxygen der 


i v e d 


from the gl 


a 


ss and are surprisi 


ngly effect 


i v e 


as barriers 




to the migration of 


alkali met 


al 


ions from t 


h 


e glass surface. Th 


e resultant 




coated glas 


s 


es are useful as su 


bstrates fo 


r 


overlying 1 


a 


yers (whether lying 


directly on 


the barrier 




layer or over an in 


t e rmed i a t e 




layer ) sens 


i 


tive to alkali meta 


1 ions. 
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According to t 


he present 




invention ther 


e i 
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provided a met 


hod 


of red 
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cing diffusion 


of 




alkali metal i 


o n s 


from a 




glass containi 


ng 




a 1 kal i me t a 1 i 


on s 


into a 


n 


overlying lay 


e r 




which method c 


ompr 


ises p 


r 


oviding betwee 


n t 


he 


glass and the 


over 


lying 


1 


ayer a transpa 


r e n 


t 


barrier coatin 


g co 


n t a i n i 


n 


g s i 1 icon a nd 


o xy 


gen 


applied by py r 


o 1 y s 


is of 
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silane gas 






characterised 


in t 


hat t h 


e 


silane is py r 


o 1 y 


s e d 


on a gla s s su r 


face 


above 




600°C in the p 


res 


e n c e 


of a gaseous e 


1 ec t 


r o n do 


n 


ating compound 







wnereby oxygen from the glass is incorporated 
with silicon to form a transparent barrier 
coating up to 50 nm thick on the glass 
surface . 

The expression "transparent barrier coating" 
is used herein to refer to coatings which, 
when present on clear float glass up to 6 mm 
thick, result in the coated glass having a 
light transmission of at least 75%. 

The invention further provides a method of 
coating a glass containing alkali metal ions 
in which a silane gas is pyrolysed on the 
glass surface above 600°C in the presence of 
a gaseous electron donating compound, whereby 
oxygen from the glass is incorporated with 
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silicon to form on the glass surface a 
transparent barrier coating up to 50 nm thick 
containing silicon and oxygen, and a layer 
sensitive to the diffusion of alkali metal 
5 ions from the glass is subsequently applied 

over the coated glass surface. 

The layer sensitive to the diffusion of alkali 
metal ions from the glass may be a light 
transmitting layer of doped metal oxide. 

10 Electron donating compounds are compounds 

wnich contain, either in bonds or as lone pair 
electrons, electr cTn s w h~i cn c~a h~ b~e do n"at"e"d i n~t o~ 
the electronic structure of suitable acceptor 
molecules. Examples of electron donating 

15 compounds which contain the donor electrons in 
bonds are unsaturated hydrocarbons, especially 
olefins (alkenes) and acetylenes (alkynes), 
for example ethylene, butadiene, pentene, 
dif luoroethylene, and acetylene (C2H2) , and 

20 aromatic hydrocarbons, for example benzene and 
xylene. Examples of electron donating 
compounds which contain their donor electrons 
in lone pairs are ethers, amines, aldehydes, 
ketones, alcohols, hydrides of nitrogen, 

25 carbon monoxide and carbon dioxide. It is 

preferred, for reasons of convenience, to use 
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electron donating compounds which are gaseous 
under ambient conditions, but other electron 
donating compounds can be used without undue 
difficulty provided they have a vapour 
pressure of at least S KPa at 60°C. 



The use of the 


e 1 e c 


tron donating 


compound i 


s 


found to resul 


t , in 


a ma n n e r not 


understo od 


r 


in the incorpo 


ratio 


n of oxygen f 


rom the gla 


s s 


with silicon f 


r om t 


he silane to 


form the 




transparent ba 


r r i e r 


coating on t 


he glass. 




Although the m 


echan 


xsm is not un 


derstood, i 


t 


i s b e l-i e-v-e-d- t-o 


-inv-o 


1-v e — a d-s o-r- p-t-i o 


n -of— the - 




electron donat 


i n g c 


ompound on th 


e glass 




surface . 










Thus/ although 


the 


pyrolysis may 


be carried 




out in the abs 


e n c e 


of any oxygen 


containing 





gases, a transparent coating containing 
silicon and oxygen derived from" the glass is 
obtained and not a reflecting silicon 
coating. 

The rate of migration of oxygen containing 
species from the glass depends on the glass 
temperature, and the coating is therefore 
deposited at a glass temperature above 600°C 
in order to increase the availability of 
oxygen-containing species from the glass. 
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The oxygen in the transparent barrier coatings 
is not necessarily all derived from the glass, 
but may be derived in part from the electron 
donating compound and some further oxidation 

5 may occur when the coated glass is exposed to 
atmospheric oxygen after the coating 
operation. However, it is preferred to use 
electron donating compounds which are free 
from oxygen or which, although they contain 

10 some oxygen, are generally regarded as 

reducing, for example carbon monoxide and 
alcohols. In general, it is preferred to avoid 
the use of oxygen-containing gases which r e a 
with silane before it reaches the hot glass 

15 surface with the deposition of powdery 

deposits of silicon oxides. In particular, the 
presence of molecular oxygen should be avoided 



In a pre 


f er 


red aspect of the invention, 


the 


electron 


do 


nating compound is oxygen f r 


ee . 


Examples 


of 


oxygen free electron donati 


ng 


c ompou nd 


s w 


hich may be used are unsatur 


a t ed 


h y d r oc a r 


b o n 


s, aromatic hydrocarbons, am 


i n e s 


and hy d r 


i d e 


s of nitrogen. 




Because 


the 


amount of oxygen containing 





species available from the glass is limited, 
the transparent coatings produced using 
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electro 


n donating compo 


unds which are 


t 


r e 


e 




f r om ox 


ygen are of limi 


ted thickness, 


a 


nd 




the 


i n v e n t i 


on is particular 


ly concerned w 


i t 


h 






transpa 


rent barrier coa 


tings containi 


ng 








silicon 


and oxygen and 


having a thick 


n e 


s s 




up 


to 5 0 n 


m . 












The pro 


portion of elect 


ron donating c 


o m 


po 


u 


nd 


to s i 1 a 


ne required to p 


roduce a trans 


pa 


r e 


n 


t 


c oa t i n g 


will depend on 


the particular 


e 


1 e 


c 


tron 


donatin 


g compound used, 


and can readi 


iy 


b 
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determi 


ned by simple tr 


ial in which the 
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ion of electron 
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p r o p o r t 


ions of gaseous 


electron donat 


i n 


g 






V— V*S 111 \J l_A 4 4 


d • ^ i 1 a n p will a f* 


nerally be in 
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a n g e 
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o 15:1 by volume 


When using a 
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ol 
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fin. 


it has 


been found that 


proportions of 










olefin : 


silane in the ra 
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the b e s 


t results. 












The use 


of excessive pr 


oportions of c 


e r 


t a 
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oxygen 


free electron do 


nating compoun 


ds 
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o 




s i 1 an e 


has been found t 


o inhibit the 


f o 


r ma 


t i o n 


of any 


coating and should be avoided. 


The 







particular proportion which constitutes an 
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excess will depend on the particular electron 
donating compound used, but can readily be 
determined by simple trial. 

Because the transparent barrier layers used in 
the present invention may be prepared in the 
absence of free oxygen and compounds generally 
oxidising agents, the barrier 



regarded as 
coating ma 



y be applied to a ribbon of float 



glass as it is advanced over the molten metal 
I0 bath on which it is formed without undue risk 
of oxidising the molten metal. It is 
Preferably applied at a glass temperature in 
the range 600° to 750°C, and especially at a 
glass temperature in the range 600" to 700»C. 

15 The barrier coatings may be applied using the 
laminar flow process and apparatus described 
in U.K. Patent Specification 1,507,465. 
Preferably, the silane used is monosilane, and 
it is used in admixture with an inert gas, for 

20 example nitrogen. 

The coatings used in the invention are highly 
effective as barriers to the migration of 
alkali metal ions, with coatings as thin as 
15 nm giving excellent effects, while even 
25 thinner coatings, e.g. 5 nm or even thinner, 
have useful barrier properties. 
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For some applications, a high degree of 
transparency is required and coatings which, 
on clear float glass up to 6 mm thick, provide 
a light transmission of at least 80% are 

5 preferred. In addition, for some applications, 
it is desirable that the barrier have good 
resistance to external alkali. We have found 
that the coatings prepared in the presence of 
electron donating compounds which are organic 

10 contain significant quantities of carbon and 
have good resistance to attack by external 
alkali . 

After deposition of the barrier coating, a 
layer sensitive to diffusion of alkali metal 
15 ions from the glass is applied over the 

barrier coating. Such a layer may be applied 
in known manner, e.g. by sputtering, chemical 
vapour deposition, or spraying of reactants in 
liquid or solid form onto the coated surface. 

20 The barrier coated glasses are used in 

accordance with the invention to reduce the 
diffusion of alkali metal ions from a glass 
containing alkali metal ions into an overlying 
layer sensitive to alkali metal ions, which 

25 may be directly on the barrier layer or over 

an intermediate layer. The overlying layer may 
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be a light transmitting elect roconductive 
metal oxide coating. Such coatings, as used 
commercially, generally have a resistivity of 
less than 500 ohms per square; some 
applications require a much lower resistivity 
e.g. less than 50 ohms per square and employ 
coatings that have as low a resistivity as 
possible consistent with satisfactory optical 
properties. According to EP 0 071 865 A3 
referred to above, such coatings are prone to 
deterioration on diffusion of alkaJi metal 
ions from an underlying glass substrate with 
loss of light t r aTi s mT~s s i~6 n ~a n"d~ r e~d u c"t i on in 
e 1 ec t r oc o nd u c t i v i t y . Examples of light 
transmitting e 1 ec t r oc o n d u c t i v e metal oxides 
are doped metal oxides and include indium 
oxide doped with tin, which is usually 
deposited by sputtering, and doped tin oxides, 
especially fluorine-doped tin oxide, which may 
be deposited by sputtering, or by chemical 
vapour deposition, or by solution or powder 
spray. The thickness of the e 1 e c t r oc o n d u c t i ve 
layer will depend on the conductivity 
required, but will commonly be in the range 
5 0 nm to 1 5 0 Onra . 
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Transparent electrocor. ductive metal oxides, 
for example tin doped indium oxide and 
fluorine doped tin oxide, usually reflect 
infra red radiation and so are useful as 
5 coatings on window glass to reflect heat back 
into buildings. When used as infra red 
reflecting layers, such coatings generally 
have thicknesses in the range 200 nm to 
1000 nm. 

10 Thus, according to a further aspect of the 

invention, there is provided electroconducti ve 
flat glass comprising a glass substrate 
containing alkali metal ions, coated with a 
transparent barrier layer up to 50 nm thick 

15 containing silicon and oxygen by pyrolysis of 
silane gas on a glass surface above 600°C in 
the presence of a gaseous electron donating 
compound whereby oxygen from the glass is 
incorporated with silicon to form the 

20 transparent barrier coating on the glass 

surface, and an e 1 ec t r oc o n d uc t i v e metal oxide 
layer having a resistivity of less than 500 
ohms per square over the barrier layer. The 
elec tr oconduc t i ve metal oxide layer may be a 

25 light transmitting layer, and may be of a 
doped metal oxide. 



10 
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25 
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Similarly, the invention provides infra red 
reflecting flat glass comprising a glass 
substrate containing alkali metal ions, coated 
with a transparent barrier layer up to 50 nm 
thick containing silicon and oxygen by 
pyrolysis of a silane gas on a glass surface 
above 600°C in the presence of a gaseous 
electron donating compound whereby oxygen from 
the glass is incorporated with silicon to form 
the transparent barrier coating on the glass 
surrace and a Light transmitting, infra red 
reflecting doped metal oxide layer over the 
barrier layer. 

The barrier coated glasses have additional 
advantages when used in more complex systems, 
e.g. as substrates for e 1 e c t r oc o n d u c t i ve metal 
oxide coatings in liquid crystal display 
devices. Such devices may comprise two opposed 
electroconducti ve layers with a liquid crystal 
material between the layers, and an alignment 
layer over each said e 1 ec t r oc o n d u c t i v e layer; 
at least one of the e 1 e c t r oc o n d u c t i ve layers 
being a light transmitting layer supported on 
a glass surface with a barrier layer between 
the electroconducti ve layer and the glass. 
In such cases, the barrier layer not only 
protects the e 1 ec t r oc on d uc t i ve metal oxide 
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layer f r om d i r 


ect attack by alka 


li metal ions 


from the glass 


, but also prevent 


s undesirable 


electrochemica 


1 reactions result 


i n g from 


diffusion of a 


Deal i metal ions t 


hrough the 


electroconduct 


ive metal oxide la 


yer into the 


1 iquid crystal 


material . 




The glass used 


in liquid crystal 


displays is 


very thin, usu 


ally not more than 


2 mm thick 


and preterably 


less than 1 . 5 mm 


thick. Thus 


the invention 


further provides, 


as new 


products , 






glass up to 2 


mm thick with a tr 


ansparent 


barrier coatin 


g up to 5 0 nm thic 


k containing 


silicon and ox 


ygen deposited by 


py rolysis of 


a silane gas i 


n the presence of 


a gaseous 


f^lf^fffon n n a t 

C 1 C L I— i. \J 11 U \J 11 Ct \m 


i no f* o m pi o n n H u h p r d 

1 1J y L Ulll U II U W 11 C 1 C 


u y u A y ^ C U L L 111 


the glass is i 


ncorporated with s 


iliccn to form 


.he transparen 


t barrier coating 


on the glass 


surface, 






and 






a liquid cryst 


al display device 


compr i s i ng two 


opposed electr 


oconductive layers 


, with a 


liquid crystal 


material between 


the layers and 


an alignment 1 


ayer over each said 



electroconductive layer in contact with the 
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liquid crystal material in which at least one 
of said electroconductive layers is supported 
on a glass substrate up to 2 mm thick 
containing alkali metal ions and, between said 
electroconductive layer and the glass, a 
transparent barrier layer up to 50 nm thick 
containing silicon and oxygen deposited on the 
glass by pyrolysis of silane in the presence 
of a gaseous electron donating compound 
0 whereby oxygen from the glass is incorporated 
with silicon to form the transparent barrier 
coating on the glass surface. 

The transparent barrier coated glasses are 
also useful as transparent outer layers in 
5 amorphous silicon solar cells, where 

migration of alkali metal ions out of the 
glass surface into the amorphous silicon 
. reduces the efficiency of the cell. 

The barrier coatings used in the present 
3 invention are highly effective in controlling 
migration of. alkali metal ions. Moreover, 
because they are effective in very thin 
layers, they may be used to provide barrier 
coated glass of high visible light 
5 transmission. Because the coatings incorporate 
oxygen from the glass, it is not necessary to 
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use strongly oxidising conditions for their 
production, and they are suitable for 
commercial production on-line on a ribbon of 
float glass as it passes over the float bath. 

5 Transparent barrier coatings as used in the 
present invention prepared using ethylene 
were examined by infra-red spectroscopy for 
the presence of Si-H bonds, but no infra-red 
absorptions corresponding to Si-H bonds could 

10 be detected. 

The invention is illustrated but not limited 
by the following Examples. Unless otherwise 
stated, gas volumes were measured under 
ambient conditions i.e. approximately 20°C and 
15 1 atmosphere pressure. 

Ex amples 1-4 

A ribbon of 6 mm float glass was coated over a 
3 metre width with a barrier coating as it 
advanced over the float bath by passing a 

20 mixture of 50 litres/minute of 10% by volume 
monosilane in 90% by volume nitrogen and 10 
litres/minute of ethylene parallel to the 
glass surface under laminar flow conditions as 
described in U.K. Patent Specification 

25 1,507,996. The temperature of the glass at the 
coating station was 625°C and the lehr speed 
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of the glass ribbon was 370 metres/hour. The 
flow rate of ethylene was then increased and 
barrier coatings applied at ethylene flow 
rates of 20, 30, 40 and 50 litres/minute. 

5 The ethylene: silane ratios used in the 

coating gases and the results of measurements 
on the coatings produced are set out in 
Table 1 . 

The use of ethylene results in a reduction in 
10 light reflection and a rapid increase in light 

transmission up to an etnylenetsilane ratio of 
about -4 :-l . F u -r t h e r — i-n-c- r e a s e i n -t-h.e 

ethyl ene:silane ratio results in a further but 

slower increase in light transmission of the 
15 product. 

The effectiveness of the coatings as barriers 
to the migration of alkali metal ions from the 
glass surface was determined as described 
be 1 ow . 

20 Two samples of the coated glass, each 10 cm 

square, were cut and clamped together with an 
annular silicone rubber ring of internal 
diameter 8.5 cm between them to form a 
cylindrical cell with its walls defined by the 

25 coated surface of the glass and the inner 
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surface of ch 


e silicone 


r u 


b b e r r 


i n g . The 


cell 




was filled wi 


th de-ionis 


ed 


water 


t h r ou 


gh 


a 




hole in the r 


ubber ring, 


t 


he hoi 


e seal 


ed 


and 




the sealed ce 


11 immersed 


i 


n a wa 


t e r ba 


t h 


a t 


5 


96°C for 48 h 


ours. The s 


ol 


u t i o n 


was re 


mo v 


ed 




and analysed 


for sodium 


by 


flame 


em i s s 


ion 






spectrosc opy . 


The sodium 


e 


x t r a c t 


was 








determined an 


d expressed 


a 


s micr 


U ^ i d ill b 


\J L 


Na 2 0 




per square decimetre of 


gi 


ass ex 


p o s e a 


L. O 


the 


10 


water in the 


cell. 














The test was 


alsc carrie 


d 


out on 


a r. u m 


b e r 


O if 




commerc ially 


available s 


od 


a lime 


s i 1 i c 


a 






glasses with 


silica i on - 


bl 


ocking 


s u r f a 


ce~ 






layers. The r 


esults obta 


i n 


ed ran 


ged f r 


om 




15 


6 0 mic r ogram 


Na 2 0 /dm 2 to 


o 


ver 1000 mic 


r og r am 



Na20/dm2 . An uncoated commercially available 
glass, nominally alkali free, was also tested 
and a result of 13 microgram Na20/dm 2 
obta i ned . 

20 It will be seen that the coated glass used in 
the invention compares f avouraoly with 
commercially available nominally alkali free 
glasses and coated glasses which, it is 
believed, are prepared by off-line methods not 
readily adaptable for the on-line coating of 
float glass. 
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The product of Example 3 was analysed by ESCA 
(electron spectroscopy for chemical analysis) . 
In this technique, the surface to be analysed 
is irradiated with X-rays, and the elements 
present in the surface are characterised and 
quantified by examining the energy spectrum of 
the primary electrons emitted from the 
surface- The surface atomic layers are then 
removed by argon etching to expose sub-surface 
atoms which are then characterised and 
quantified as described above. The etcning and 
analysis steps are repeated to build up a 
profile of the composition of tne surface 
layers to a depth in excess of the thickness 
of the coating. 



The results 


ob t a i 


n ed 


for 


the 


p r odu 


C t 


Exampl e 3 a r 


e set 


ou 


t bel 


ow . 






Etch time (seconds) 


0 


300 


600 


900 


1200 


1500 


Atomic * silicon 


20 


35 


36 


37 


37 


35 


Atomic 5 oxygen 


31 


45 


39 


35.5 


37 


43 


Atomic % carbon 


45.5 


17 


22 


24 


20 


15 


Th e coating 


is f o 


u nd 


to C 


ontain si 


lie 



oxygen and carbon. The ratio of o xy g en : s i 1 i c o n 
at the surface of the coating is approximately 
3:2. It falls to about 1:1 after 900 seconds 
etch and subsequently increases. The 
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concentration ot carbon at the surface is 45%, 
and it varies around 20% through the thickness 
of the coating. 

Exampl e s 5 and 6 
5 A ribbon of 2 mm float glass was coated with a 
transparent barrier coating of silicon and 
oxygen as it advanced over the float bath by 
passing a mixture of monosilane, nitrogen and 
ethylene parallel to the glass surface under 
1U laminar flow conditions as described in U.K. 
Patent Specification 1,507,996. Tne 
temperature of the glass at the coating 
station was 660°C and the lehr speed of~the " 
glass ribbon was 1030 metres/hour. 

15 The gas flows and properties of the products 
obtained are set out in Table 2. 

The coatings produced had useful ion blocking 
properties. The light reflection increased 
with increasing e t h y 1 e n e : s i 1 a n e ratio giving a 

20 light transmission of 84.9% at a ratio of 

3.3:1. Calculations indicated that 1 mm glass 
with a similar coating would have a light 
transmission of 85.4%, compared with a 
transmission of 91.4% for uncoated 1 mm 

2 5 glass. 
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p Y a m n 1 f=»c *7 — Q 
L A u 111 U 1 w » / J 






a riKKor- o f 1 mm 


float alass was coa 


ted with 


^ h a t* r i p> T" r n a f i o 

d U d I. 1. X C X V-V-/Cll_Xliy 


of silicon and oxvae 


n as it 


flriuanrpri o v *=» r t~ h 

du v a i j l \j v ^ x l ii c 


float bath bv d a s s i n 


a a 


m i x t u r p of mono^il 

111 X W C U X d 1> II* \J li w 3 X X 


a n e . nitroaen and et 


h v 1 e n e 


Daral lei to the ol 


ass surface under la 


m i n a r 


flow conditions as 


described in U.K. P 


a t en t 


Specification 1,50 


7,99 6. The tempera tu 


re of 


the glass at the c 


oating station was 6 


40°C and 


the lehr speed of 


the glass ribbon was 


12 00 


metres /hour . 






The gas flows and 


properties of the pr 


od u c t s 


obtained are set o 


ut in Table 3. 




The ion blocking p 


erformance (as measu 


red by 


the alkali metal i 


on extraction t* p «5 t s ) 




although not equal 


to the outstanding 




performance of ear 


lier Examples, was 




comparable with co 


mmercially available 


glasses 


and satisfactory f 


or commercially appl 


i c a t i o n . 


The products had a 


high (about 90%) li 


gh t 


transmission . 






Example 10 - 13 







Static samples of 4 mm float glass were coated 
in the laboratory by passing over the heated 
glass surface a coating gas comprising a 
mixture of nitrogen, 10% monosilane in 
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nitrogen and a gaseous electron denoting 
compound ( £ DC ) . The composition of coating 
gases used, glass temperatures and deposition 
times and properties of the coated glass 
products are set out in Table 4. 

It will seem that the use of other gaseous 
electron donating compounds in place of 
ethylene gives transparent coatings with 
similar ion barrier properties. The coatings 
are transparent and contain silicon, and 
oxygen derived from the glass. 



Exa m pies 14 - 16 

Static samples of 4 mm float glass were coated 
in the laboratory by passing coating gas 
comprising a mixture of 6.6 litres/minute 
nitrogen, 0.4 litres/minute of 10% by volume 
monosilane in nitrogen and 0.4 li tres/r-inute 
of ethylene over the heated glass surface at 
630°C for times of from 10 to 40 seconds. The 
times used and properties of the resulting 
coatings are. shown in Table 5. 

The observed light reflection of the coated 
glass increases with coating time, the coating 
produced after 80 seconds being similar in 
appearance to reflecting coatings produced 
using only small proportions of ethylene. 
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This series of experiments shows tnat, as the 
coating time increases, and the coating 
thickness builds up, the oxygen available from 
the glass is used up and the coating deposited 
5 loses its transparency. This is believed to be 
- due to deposition of unoxidised silicon on top 
on the initial transparent coating containing 
silicon and oxygen derived from the glass. The 
coatings were all tested for durability 
10 against external alkali attack by immersion in 
IN n a 0 H at 80°C. In each case, there was no 
..visible sign of attack after 50 minutes. 

Examples 17 - 3 3 

Static samples of 4 mm float glass were 
15 coated in the laboratory by passing a coating 
gas over the hot glass surface at 630°C. The 
composition of coating gas used, coating time 
and properties of the coated products are 
shown in Table 6. In each case, the ratio of 
20 gaseous electron donating compound : silane was 
adjusted to produce a transparent coating. 

Examp 1 e 3 4 

A sample prepared by a technique similar to 
that described in Example 1 to 4 at an 
25 ethylene to silane ratio of 5:1, and a sample 
of uncoated clear 6 mm float glass were coated 
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with fluorine doped tin oxide. Ammonium 
difluoro tetrachlorostannate, (NH4) 2SnCl4F2 , 
was pin milled to a particle size not 
exceeding 50 microns, dispersed in a stream of 
air, and the air stream containing the 
dispersed powder directed onto the heated 
glass samples at about 580°C at a rate of 
80 grams per square metre of glass. The 
thickness of the resulting fluorine doped tin 
oxide coatings and their electrical 
resistivities were measured. The results 
o.b t a. i n_e d _a r e. S-e.t_ _o u t_ b-e. l o_w : _ 



Tin oxide Specific 

thickness Resistivity 

( nm) ( ohm cm ) 

Barrier coated 58 1.7 x 10~3 
substrate 

Uncoated 56 3 x io~3 
subs tr a te 



The significantly lower resistivity of the 
coating on the barrier coated substrate 
illustrates the value of the barrier coating 
in inhibiting migration from the glass of 
alkali metal ions, with their deleterious 
effect on the resistivity of the doped tin 
oxide layer. 
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Exampl e 35 

Liquid crystal display devices as described 
herein were made up using glass carrying a 
transparent barrier coating produced 
substantially as described in Example 8 as a 
substrate, and subjected to durability 
testing . They were found to have lifetimes in 
excess of 10 00 hours at 60 °C and a relative 
humidity of 95%. 

All the electron denoting compounds used in 
the Examples were compounds having a vapour 
pressure above 760 mm at 60°C, except the 
following wnose vapour pressure at 60°C is as 
stated bel ow : 



I sopr opa nol 

Xylene 

Water 



40 kPa 
8 JcPa 
20 kPa 
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CLAIMS 

1. A method of reducing diffusion of alkali 
metal ions from a glass containing alkali 
metal ions into an overlying layer 
which method comprises providing between 
the glass and the overlying layer a 
transparent barrier coating containing 
silicon and oxygen applied by pyrolysis 
of a silane gas .characterised in that the 
silane is pyrolysed on a glass surface 







above 600°C in 


the 


presence 


of a gaseous 






electron donating 


compound , 


whereby 






oxy.g.e.n .f rom the 


-gi 


ass is inc 


o r po rated 






with silicon to 


f o 


rm a 'trans 


parent 


: 5 




barrier coating 


up 


to 5 0 n m 


thick on the 






glass surface. 










2 . 


A method of coa 


tin 


g a glass 


containing 






alkali metal io 


n s 


in which a 


silane gas 






is pyrolysed on 


th 


e glass su 


rface above 


l 0 




600°C in the pr 


e s e 


nee of a g 


a s eous 






electron denoti 


ng 


compound , 


whereby 






oxygen from the 


gi 


ass is inc 


orporated 






with silicon to 


f o 


rm on the 


glass surface 






a transparent b 


a r r 


ier coatin 


g up to 5 0 nm 


: 5 




thick containin 


9 s 


i 1 icon and 


oxy gen , a nd 






a layer sensiti 


v e 


to the di f 


fusion of 



10 
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a 1 


ka 


1 i me ta 1 i ons 


f r om the g 1 a s 


s is 






s u 


bs 


equ en t ly appl i 


ed 


over the c 


oa t ed 






gi 


a s 


s surface. 










3 . 


A 


me 


thod according 


to 


Claim 1 o 


r 2 






w h 


e r 


ein the silane 


ga 


s used is 


monos i 


lane 




( S 


i H 


4> - 










4 . 


A 


me 


thod according 


to 


any of CI 


aims 1 


to 




3 


w h 


erein the sila 


ne 


is diluted 


with 


a n 




i n 


e r 


t ga s . 










5 . 


A- 


m e 


t h o d a c c o r d i n g 


to 


any of C 1 


a i m s 1 


to 




4 


w h 


erein the elec 


t r o 


n dona ti ng 


c om po 


u n d 




u s 


ed 


does not contain 


oxygen . 






6 . 


A 


m e 


thod according 


to 


Claim 5 w 


herein 


the 



gaseous electron donating compound is an 
15 olefin containing 2 to 4 carbon atoms. 

7. A method according to Claim 6 wherein 

the gaseous electron donating compound is 
ethylene . 

8. A method according to any of Claims 1 to 
2 0 7 wherein the ratio of the gaseous 

electron donating compound to silane is 
from 0.5:1 to 15:1 by volume. 
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9. A method according to any of Claims 1 to 

8 wherein the transparent barrier coating 
is applied to glass not more than 2 mm 
thick. 

S 10. A method according to any of Claims 1 to 

9 wherein the barrier coating is applied 
to a ribbon of float glass as it is 
advanced over the molten metal bath on 
which it is formed. 

lU li - A method according to any of Claims 2 to 

10 in which the layer sensitive to the 
diffusion of alkali metal ions is applfed 
by sputtering, by chemical vapour 
deposition or by spraying reactants in 

5 liquid or solid form onto the coated 

glass surface . 

12. A method according to Claim 11 wherein 
the said layer applied is a light 
transmitting layer of a doped metal 

0 oxide. 

13. Elec troconduc ti ve flat glass comprising a 
glass substrate containing alkali metal 
ions, coated with a transparent barrier 
coating up to 50 nm thick containing 

5 silicon and oxygen by pyrolysis of a 
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silane gas on a glass surface above 600°C 
in the presence of a gaseous electron 
donating compound whereby oxygen from the 
glass is incorporated with silicon to 
form the transparent barrier coating on 
the glass surface, and an 
elec troconducti ve metal oxide layer 
having a resistivity of less than 
500 ohms per square over the barrier 
layer . 

Infra red reflecting flat glass 
c_o m p^r ising a glass substrate containing 
alkali metal ions, coated with a 
transparent barrier layer up to 50 nm 
thick containing silicon and oxygen by 
pyrolysis of a silane gas on a glass 
surface above 600°C in the presence of a 
gaseous electron donating compound 
whereby oxygen from the glass is 
incorporated with silicon to form the 
transparent barrier coating on the g] ass 
surface, and a light transmitting infra 
red reflecting doped metal oxide layer 
over the barrier coating. 
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15. Glass up to 2 mm thick, witn a transparent 
barrier coating up to 50 nm thick 
containing silicon and oxygen deposited 
by pyrolysis of a silane containing gas 
on the glass surface above 600 °C in the 
presence of a gaseous electron donating 
compound whereby oxygen from the glass is 
incorporated with silicon to form the 
transparent barrier coating on the glass 
surface. 

16. Glass according to Claim 15 wherein the 
gaseous electron donating compound - u'se'd" ~ 
does not contain oxygen. 

17. Glass according to Claim 15 or Claim 16 
wherein the gaseous electron donating 
compound is an olefin containing 2 to 4 
ca r bon atoms . 

18. Glass according to Claim 16 wherein the 
gaseous electron donating compound is 

e t hy 1 ene . 

19. A liquid crystal display device 
comprising two opposed electroconducti ve 
layers with a liquid crystal material . 
between the layers and an alignment layer 
over each said e 1 ec t r oc on due t i v e layer in 
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contact with the liquid crystal material, 
in which at least one of said 
e 1 ec t r o c o n d u c t i v e layers is supported on 
a glass substrate up to 2 mm thick 

5 containing alkali metal ions, and, 

between said e 1 ec t r oc o n d u c t i ve layer and 
the glass, there is provided a 
transparent barrier coating up to 50 nm 
thick containing silicon and oxygen 

10 deposited on the glass surface above 

6 0 0 c C by pyrolysis of silane in the 

presence o f a _ g a s.e.o u s e 1 e c t r on, d oia t i nj 

compound whereby oxygen from the glass is 
incorporated with silicon to form the 

15 transparent barrier coating on the glass 

surface . 
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